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Microstructural  and  deformation  studies  have  been  conducted  for  superplastic 
zirconia  and  sialon  ceramics.  A  methodology  based  on  space  charge  concept  is 
established  for  grain  size  control  of  zirconia  ceramics.  A  direct  correlation 
between  grain  boundary  mobility  and  stress-strain  curve  is  demonstrated.  For 
silicon  nitride  ceramics,  both  single  phase  a’  and  e’  sialons  have  been  shown 
to  be  .superplastic,  and  they  exhibit  a  novel  shear-thickening  behavior  which 
is  interpreted  by  the  breakdown  of  interparticle  structural  forces  at  high 
temperatures.  Deformation  experiments  and  numerical  simulations  of  multiaxial 
superplastic  forming  are  also  reported. 
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Objectives 

Mechanistic  understanding  of  microstructural  and  deformation  aspects  of  fine  grain 
superplasticity  in  structural  ceramics,  with  special  emphasis  on  the  stress  state  effect. 


Status  of  The  Research  Effort 

The  project  was  initiated  on  June  15  1987.  During  the  twelve  months  between 

November  16,  1989  and  November  15,  1990,  the  following  accomplishments  and 

progress  were  made: 

1.  Microstructural  control  of  Superpalstic  Zirconia  Ceramics 

The  grain  size  control  of  zirconia  ceramics  is  now  understood  in  terms  of  space  charge 
concept.  Essentially,  the  acceptor  dopants  of  the  highest  effective  charge  and  ionic 
radius  are  the  most  effective  grain  growth  inhibitors.  A  positive  correlation  of  the 
above  concept,  the  grain  growth  kinetics,  dynamic  grain  size  stability,  and  the  strain 
hardening  rate  in  superplasticity  has  been  established  experimentally. 

2.  Rheological  Behavior  of  Superplastic  a'  and  S'  Sialons 

Advanced  powder  processing  has  yielded  fine  grained  a'  and  p’  sialons  which  are 
superplastic  at  1550°C.  They  have  excellent  formability  and  ductility.  Their 
deformation  behavior  exhibits  a  novel  transition  from  newtonian,  linear  viscous  flow  to 
non-linear,  power-law  type  of  flow,  with  a  stress  exponent  less  than  unity.  This  is  the 
first  time  that  such  flow  behavior,  termed  shear  softening,  is  observed  in  high 
temperature  deformation.  From  the  temperature  and  transient  dependence  of  the 
transition  stress,  and  from  theoretical  calculations  of  colloidal  forces,  we  have 
tentatively  concluded  that  a  progressive  collapse  of  the  liquid  film  separating  grains  is 
the  cause  of  the  transition. 

3.  Superolastic  Forming  under  Multiaxial  Stress  States 

Biaxial  and  uniaxial  forming  of  zirconia  and  sialon  ceramics  have  been  performed  to 
understand  the  effect  of  stress  state  on  the  formability  of  superplastic  ceramics.  Two 
modes  of  damage/failure  have  been  observed,  one  containing  diffuse  cavitation  and 
gradual  rupture  and  the  other  containing  sharp  cracks  and  abrupt  fracture.  The 
morphology  of  both  types  of  damage  is  strongly  dependent  on  the  stress  state  and  the 
deformation  mode,  including  the  role  of  liquid  phase  creep.  Numerical  simulation  of 
shell  forming,  which  accounts  for  the  strain  rate  dependence,  has  also  been  completed. 
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